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FRQFHUQVE\UHO\LQJRQWKHEHQHILWVRIODVHUWHFKQRORJLHV7KHODVHUEHDPLVDEOHWRMRLQPHWDOVDQGSODVWLFVYHU\IDVW
DFFXUDWHO\DQGGLUHFWO\ZLWKRXWDQ\DGGLWLYHPDWHULDOVZKLFKFDQPDNHWKHLUXWLOL]DWLRQHIIHFWLYHDQGGHVLUDEOHIRU
WKHLQGXVWU\5RHVQHUDWDO*HRUJLHYDWDO
7KHDXWKRUVKDYHEHHQGHDOLQJZLWKODVHUDVVLVWHGSLQWRSODWHMRLQLQJRISODVWLFVKHHWVDQGPHWDOSLQVIRU\HDUV
$FFRUGLQJ WR WKH UHVXOWV MRLQW VWUHQJWK FDQ EH HIIHFWLYHO\ HQKDQFHG E\ LQFUHDVLQJ SLQ VXUIDFH URXJKQHVV SURSHU
VKDSHORFNLQJSLQJHRPHWU\DQGVKHHWWKLFNQHVVLQFDVHRI300$VKHHWDQGVWUXFWXUDOVWHHOSLQWKHDXWKRUVUHDFKHG
DERXW  1 WHDULQJ IRUFH ZKLFK LV VLJQLILFDQWO\ KLJKHU WKDQ WKRVH RI VLPLODU MRLQLQJV SUHSDUHG ZLWK DGKHVLYHV
0DUNRYLWVHWDO7KHHIIHFWRISXOVHVHWWLQJVLQFDVHRISXOVHPRGH1G<$*ODVHUVRXUFHZDVLQYHVWLJDWHG
DVZHOOWKHSXOVHWLPHSXOVHSRZHUDQGSXOVHIUHTXHQF\LQIOXHQFHWKHEHKDYLRURIWKHSODVWLFPDWHULDODWWKHVDPH
DYHUDJHSRZHUOHYHODQGVRKDYHDVWURQJHIIHFWRQWKHTXDOLW\RIWKHMRLQLQJ0DUNRYLWV%DXHUQKXEHUDQG*pF]\
 7KH JRRG MRLQW VWUHQJWK FDQ EH H[SODLQHG E\ GLIIHUHQW W\SHV RI DGKHVLRQPHFKDQLVPV OLNH SK\VLFDO DQG
SUREDEO\FKHPLFDODGKHVLRQ%DXHUQKXEHUHWDO
,Q WKHSUHVHQWUHVHDUFKVWHHOSLQVDQG300$SODVWLFSODWHVZHUHERQGHGE\SXOVHPRGHDQGFRQWLQXRXVPRGH
1G<$*ODVHUVRXUFH2XUDLPZDVWRFUHDWHSLQWRSODWHK\EULGMRLQWVLQRUGHUWRGHWHUPLQHQRWWKHWHDULQJIRUFH
EXWWKHPD[LPDOWRUTXHLQFDVHRIWRUVLRQORDGRIWKHMRLQWVDWGLIIHUHQWSLQJHRPHWULHVZKLFKLVRIWHQDFKDUDFWHULVWLF
UHTXLUHPHQWDVZHOO
([SHULPHQWV
'XULQJWKHSURFHVVWKHXSSHUWUDQVSDUHQWSODVWLFVKHHWWUDQVPLWVWKHODVHUEHDPZKLOHWKHORZHUVWHHOSLQKDVWR
DEVRUEWKHUDGLDWLRQ7KHQWKHKHDWHGORZHUPHWDOWUDQVPLWVKHDWEDFNWRWKHXSSHUSODVWLFZKLFKPHOWV%\DSSO\LQJ
DQ DSSURSULDWH FRPSUHVVLYH IRUFH EHWZHHQ WKH MRLQLQJSDUWQHUV WKH SLQ SHQHWUDWHV LQWR WKH SODVWLF VKHHW DQG DIWHU
FRROLQJGRZQDQDGKHVLYHMRLQWLVFUHDWHG
,QWKHFRXUVHRIRXUUHVHDUFKWKHMRLQLQJRIPPVWHHOSLQVDQGPPWKLFN300$VKHHWVZHUHSUHSDUHGE\
XVLQJDSXOVHPRGH/$6$*6/6W\SH1G<$*ODVHUVRXUFH7(07KHDYHUDJHODVHUSRZHUZDV:DQG
-SXOVHHQHUJ\ZDVXVHGLQHDFKFDVH7KHVNHWFKRIWKHMRLQLQJSURFHVVLVVKRZQLQ)LJ

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
)LJ([SHULPHQWDOVHWXSRIWKHSLQWRSODWHSHQHWUDWLRQMRLQWVDGHILQLWLRQRISHQHWUDWLRQGHSWKE
7KHIRFDOVSRWGLDPHWHURIWKHODVHUEHDPZDVDQGPPUHVSHFWLYHO\LQDFFRUGDQFHZLWKWKHKHDGVXUIDFHRI
WKHVWHHOSLQ7KHDSSOLHGGLIIHUHQWSLQJHRPHWULHVDUHVKRZQLQ)LJHDFKJHRPHWU\KDVDGLIIHUHQWPDWHULDOYROXPH
DQGWKHUHIRUHDGLIIHUHQWKHDWFDSDFLW\,QRUGHUWRPDLQWDLQWKHVDPHSHQHWUDWLRQGHSWKRIWKHSLQVDQGWREHDEOHWR
FRPSDUHRXUUHVXOWVWKHODVHULQWHUDFWLRQWLPHVZHUHDGMXVWHGEHWZHHQDQGVHF$YHUDJHVXUIDFHURXJKQHVVRI
WKHVWHHOSLQVUDQJHGEHWZHHQ±P7RSURWHFWWKHODVHUKHDGOPLQRI$UJRQVKLHOGLQJJDVZDVDSSOLHGDV
1104   Tamás Markovits et al. /  Physics Procedia  83 ( 2016 )  1102 – 1109 
ZHOO$VVDPSOHV$FULSOH[;3W\SH300$VKHHWVDQGXQDOOR\HGFROGGUDZQVWUXFWXUDOVWHHO W\SH6-5ZHUH
XVHG7KHFODPSLQJIRUFHZDV1

)LJ*HRPHWULHVRIWKHVWHHOSLQVRQIDFHVXUIDFHDW\SH$EW\SH%FW\SH&GW\SH'

7KH WRUVLRQ WHVWVZHUHFDUULHGRXWE\D WRUTXHPHDVXUHPHQWHTXLSPHQW.,67/(57ZRGD\VDIWHU MRLQW
FUHDWLRQWRUVLRQWHVWVZHUHSHUIRUPHG)URPRXUHDUOLHULQYHVWLJDWLRQLWZDVNQRZQWKDWWKHZDLWLQJWLPHEHWZHHQWKH
FUHDWLRQDQGWHVWLQJLVDOVRDQLPSRUWDQWSDUDPHWHULQFDVHRIWKLVW\SHRIMRLQWV7KHVWHHOSLQZDVIL[HGZLWKLQWKH
WRUTXHPHDVXULQJHTXLSPHQWDQGWKHSODVWLFSDUWZDVURWDWHGE\DVKDSHORFNLQJMLJJHUHOHPHQW7KHPD[LPDOWRUTXH
ZDVREVHUYHGLQHDFKFDVH
(YHU\VHWWLQJVZHUHFDUULHGRXW WLPHVDQG WKHDYDUDJHYDOXHVDQG WKHQRUPDOGHYLDWLRQVDUH LOOXVWUDWHG LQ WKH
UHVXOWV
7KHDSSOLHGVHWWLQJVDUHVXPPDUL]HGLQ7DEOH
7DEOH([SHULPHQWVHWWLQJV
6HWWLQJV
LGHQWLILHU
3XOVHWLPH
PV
3XOVHSHDN
SRZHU:
6SRWVL]H
PP
3LQ
JHRPHWU\
W\SH
300$VL]H
PP
3HQHWUDWLRQ
GHSWKPP
,QWHUDFWLRQ
WLPHV
6HWWLQJ    $ [[ YDULDEOH YDULDEOH
6HWWLQJ    $ [[  YDULDEOH
6HWWLQJ    % [[  YDULDEOH
6HWWLQJ    & [[  YDULDEOH
6HWWLQJ    ' [[  YDULDEOH
6HWWLQJ    $ [[  YDULDEOH
6HWWLQJ    % [[  YDULDEOH
6HWWLQJ    & [[  YDULDEOH
6HWWLQJ    ' [[  YDULDEOH
6HWWLQJ    ' [[  YDULDEOH

5HVXOWV
3.1. Characterizing the joints 
$QDO\]LQJWKHFUHDWHGSLQWRSODWHMRLQWLWFDQEHVHHQWKDWJLYHQDFHUWDLQVSRWVL]HDQGODVHUSRZHUVHWWLQJVWKH
VWHHOSLQSHQHWUDWHGLQWRWKHSODVWLFSDUWGHSHQGLQJRQWKHKHDWLQJWLPH,QFDVHRIVHWWLQJEHLQJWKHRULJLQDOVHWWLQJ
LQRXUHDUOLHULQYHVWLJDWLRQVDPPODVHUVSRWZDVXVHGRQDPPIDFHVXUIDFHFRQFHQWULFDOO\7KHUHIRUHDOORIWKH
ODVHUHQHUJ\FRXOGFRQWULEXWHWRFUHDWLQJWKHMRLQW,QWKLVFDVHWKHLQWHUDFWLRQWLPHZDVV:KHQWKHJHRPHWU\RI
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WKHVWHHOSLQZDVFKDQJHGWRDUHFWDQJXODUW\SH%RUDFRQFDYHW\SH&DQG'IRUPVRPHSDUWRIWKHODVHUVSRW
ZDVORVWQHFHVVDULO\EXWWKHVHJHRPHWULHVJLYHEHWWHUVKDSHORFNLQJDJDLQVWWRUVLRQORDGV
,IQRWWKHHQWLUHODVHUVSRWKHDWVWKHIDFHVXUIDFHWKHQWKHHIILFLHQF\RIWKHKHDWLQJEHFRPHVORZHUDQGWKHXQXVHG
EHDPSDUWVFRXOGFDXVHSUREOHPVEHFDXVHWKLVSDUWRIWKHEHDPJHWVRXWRIFRQWURODQGFRXOGKHDWXSXQQHFHVVDU\
DUHDVRIWKHSLQRURWKHUHOHPHQWVFORVHWRWKHSLQ7KHXQFRQWUROOHGEHDPUHIOHFWLRQFRXOGDOVRFDXVHDSUREOHP
2QRWKHUKDQG WKH ODVHUKDGD*DXVVLDQSRZHUGLVWULEXWLRQDQGVR WKHODVHUVSRW LV ORVWDW WKHHGJHVZKHUH WKH
SRZHULVORZHUDOUHDG\
7KHPRGLILFDWLRQRI WKHF\OLQGULFDOJHRPHWU\KDVDQHIIHFWRQ WKH WHPSHUDWXUHGLVWULEXWLRQRI WKHVWHHOSLQ WRR
EHFDXVHRI WKH ORZHUKHDWPDVV0RUHRYHU LW KDV DQ HIIHFW RQ WKHPLFUR VKDSH ORFNLQJ WRR7KHUHIRUHZHKDG WR
EDODQFH EHWZHHQ WKH EHWWHU VKDSH ORFNLQJ JHRPHWU\ DQG WKH PLQLPDO HQHUJ\ ORVV ZKHQ FKRRVLQJ WKH DSSOLHG
JHRPHWU\
7KHIURQWYLHZRIWKHFUHDWHGMRLQWFDQEHVHHQLQ)LJ$VWKHSLFWXUHVVKRZWKHIDFHVXUIDFHRIWKHVWHHOSLQ
FRQWRXUDUHHQYHORSHGE\WKHSODVWLFSURSHUO\$URXQGWKHVWHHOSLQWKHEXUURIWKH300$LVVLWXDWHGRQWKHRWKHU
VLGH
 
)LJ)URQWYLHZRIWKHMRLQWVLQFDVHRIVHWWLQJDW\SH$EW\SH%FW\SH&GW\SH'
7KHEXEEOHIRUPDWLRQFKDUDFWHULVWLFIRUWKLVMRLQLQJWHFKQLTXHFDQEHVHHQLQ)LJZKHUHWKHODWHUDODQGWKHIDFH
VXUIDFHVDUHVKRZQDWWKHVDPHWLPH,WFDQEHVHHQWKDWWKHTXDQWLW\RIWKHEXEEOHVRQWKHIDFHVXUIDFHLVOHVVWKDQRQ
WKHODWHUDOVXUIDFH7KHGLIIHUHQFHLVDQRUGHURIPDJQLWXGH7KHUHDVRQIRUWKLVLVWKDWWKHFODPSLQJIRUFHSXVKHGWKH
SLQ LQWR WKH SODVWLF DJDLQVW WKH GLUHFWLRQRI WKH ODVHU DQG WKH SUHVVXUH KDV D KLJK HIIHFW RQ WR WKH TXDQWLW\ RI WKH
EXEEOHVDV LWZDVSURYHG LQRXUHDUOLHUFRQWULEXWLRQV2Q WKH ODWHUDO VXUIDFH WKHUH LVQRSRVVLELOLW\ WR LQFUHDVH WKH
SUHVVXUHWKHUHIRUHWKHEXEEOHIRUPDWLRQLVPRUHLQWHQVLYH
 
)LJ7KHW\SLFDOEXEEOHIRUPDWLRQRQIDFHDQGODWHUDOVXUIDFHVRIWKHVWHHOSLQ
:HGHWHUPLQHGWKHLQWHUDFWLRQWLPHLQHDFKFDVHEDVHGRQWKHVDPHSHQHWUDWLRQGHSWKZKLFKZDVPP
$QH[DPSOHFDQEHVHHQ LQ)LJZKHUH WKHSHQHWUDWLRQFDQEHVHHQDVD IXQFWLRQRI WKHKHDWLQJ WLPH LQFDVHRI
VHWWLQJ DQG7KHPHDVXUHGYDOXHVPRQRWRQRXVO\ LQFUHDVHZLWK LQFUHDVLQJKHDWLQJ WLPH LQ OLQHZLWKZKDWZH
H[SHFWHG IURPRXU HDUOLHU H[SHULHQFH7KLVZD\ LWZDV SRVVLEOH WRGHWHUPLQH WKH QHFHVVDU\KHDWLQJ WLPH LQ HYHU\
VHWWLQJ
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
)LJ7KHHIIHFWRIKHDWLQJWLPHRQSHQHWUDWLRQGHSWKVHWWLQJ
([DPLQLQJ WKH LQWHUDFWLRQ WLPHVRXU HDUOLHUK\SRWKHVLVZDVSURYHG$W WKH VDPH ODVHU VSRW VL]H WKHQHFHVVDU\
LQWHUDFWLRQ WLPHZDV ORZHU LQ HYHU\PRGLILHG JHRPHWU\ DV FRPSDUHG WR WKH F\OLQGULFDO RQH WR UHDFK WKH PP
SHQHWUDWLRQGHSWK ,Q FDVHRI WKHPP VSRW LWZDVEHWZHHQ DQGDQG LQ FDVHRI PP VSRW VL]H LWZDV
EHWZHHQDQGRIWKHLQWHUDFWLRQWLPHQHHGHGE\F\OLQGULFDOJHRPHWU\
3.2. Analyzing the torsion properties 
([DPLQLQJWKHWRUVLRQSURSHUWLHVDQLQFUHDVLQJWRUTXHZDVDSSOLHGDQGWKHPD[LPXPYDOXHVUHDFKHGGXULQJWKH
WHVWVDUHJLYHQLQWKHGLDJUDPV
,Q)LJWKHPD[LPDOWRUTXHYDOXHVFDQEHVHHQDVDIXQFWLRQRIWKHSHQHWUDWLRQGHSWKLQFDVHRIVHWWLQJVDQG
,WFDQEHVHHQWKDW WKH WRUTXH LVEDVLFDOO\ LQFUHDVLQJZLWKGHHSHUSHQHWUDWLRQEXWQRWDVPRQRWRQRXVO\DVZLWK WKH
KHDWLQJ WLPH3UREDEO\ WKHGHYLDWLRQRI WKHFUHDWLRQSURFHVVDQG WKH WRUVLRQ WHVWFRXOGKDYHDQHIIHFWDW WKH VDPH
WLPH ,Q WKLV VHWWLQJ WKH  PP GHHS SHQHWUDWLRQ HQDEOHG DQ DW OHDVW  1P KLJK PD[LPDO WRUTXH 7KLV LV WR EH
FRQVLGHUHGDV WKHEDVLFYDOXHDQG WKHRWKHUFDVHVZLOOEHFRPSDUHGDJDLQVW WKLV LQRUGHU WRGHWHUPLQH WKHZD\ LQ
ZKLFKZHDUHDEOHWRLQFUHDVHWKHPD[LPDOWRUTXHE\FKDQJLQJWKHVWHHOSLQJHRPHWU\WKHODVHUVSRWVL]HWKHODVHU
SXOVHVKDSHDQGWKH300$JHRPHWU\

)LJ(IIHFWRISHQHWUDWLRQGHSWKRQWKHPD[LPDOWRUTXHYDOXHVHWWLQJ
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7KHUHVXOWVLQFDVHRIRWKHUVHWWLQJVFDQEHVHHQLQ)LJ7KHEDVLFVHWWLQJLVVHWWLQJ
7KHHIIHFWRIWKHVKDSHRIWKHVWHHOSLQFDQEHVHHQIURPVHWWLQJVZKHUHWKHODVHUVSRWZDVPPDQGWKH
ODVHU SDUDPHWHUVZHUH WKH VDPH ,Q WKLV FDVH WKH WRUTXH YDOXHV GR QRW VKRZ WKH H[SHFWHG LQFUHDVLQJ YDOXHV 7KH
UHFWDQJXODU VKDSH HQDEOHG D ORZHU WRUTXH WKDQ WKH RULJLQDO RQH 7KH  WLPHV PLOOHG FRQFDYH JHRPHWU\ W\SH &
VKRZVVRPHLQFUHDVHDQGWKHVL[WLPHVPLOOHGFRQFDYHJHRPHWU\W\SH'VKRZVMXVWVOLJKWO\KLJKHUDYHUDJHYDOXHV
,WVKRXOGEHQRWHGWKDWWKHGHYLDWLRQRIWKHPHDVXUHGYDOXHVLVLQDFRPSDUDEOHUDQJHZLWKWKHFKDQJHVEURXJKWDERXW
E\ FKDQJLQJ WKH VHWWLQJV LQ WKH ILUVW WKUHH FDVHV 7KXV WKH RULJLQDO K\SRWKHVLV DERXW WKH UROH RI WKH VKDSH LV QRW
LPSOLHGE\WKHUHVXOWV
7KHUHVXOWVDUHVLPLODULQFDVHRIWKHPPVSRWGLDPHWHUZKHUHWKHUHFWDQJXODUVKDSHRIWKHSLQFDXVHVDORZHU
WRUTXHYDOXH WKDQ WKHF\OLQGULFDORQHVHWWLQJ7KHFRQFDYHJHRPHWULHVVKRZHGKLJKHUYDOXHVZLWK WKH WLPHV
PLOOHGFRQFDYHVKDSHJLYLQJWKHKLJKHVWYDOXH6XPPDUL]LQJWKHVHUHVXOWVLQFDVHRIPPVSRWWKHPD[LPDOWRUTXH
ZDV KLJKHU E\ DERXW   DQG LQ FDVH RI  PP VSRW VL]H WKH LQFUHDVHG YDOXH ZDV   DV FRPSDUHG WR WKH
F\OLQGULFDO JHRPHWU\ 7KH LQFUHDVHG YDOXHV UHPDLQ EHORZ RXU HDUOLHU H[SHFWDWLRQV EXW WKH WRUVLRQ IDLOXUHV ZLOO
H[SODLQWKLVSKHQRPHQRQODWHU


)LJ7KHPD[LPDOWRUTXHYDOXHVLQFDVHRIWKHGLIIHUHQWVHWWLQJV
([DPLQLQJ WKHHIIHFWRI WKH VSRWGLDPHWHU DQGSXOVH VKDSHZHSURYHG LQRXU HDUOLHU LQYHVWLJDWLRQV WKDW DW WKH
VDPHDYHUDJHSRZHU WKH WUDQVSDUHQF\RI WKH300$PDWHULDOGHSHQGV IURP WKHSHDNSXOVHSRZHUGHQVLW\ ,I WKH
SHDNSXOVHSRZHUGHQVLW\LVKLJKHUWKDQWKHFULWLFDOYDOXHLQWKDWFDVHVWKHWUDQVSDUHQF\GHFUHDVHVUDGLFDOO\,QFDVH
RIWKHVHVHWWLQJVDQGZLWKWKHPPVSRWVL]HZDVVWLOOLQWKDWUDQJH\HW,QFDVHRIVHWWLQJVDQGWKH300$ZDV
KHDWHGDERYHWKHFULWLFDOYDOXHWKHUHIRUHWKHSRO\PHUEHFDPHVXGGHQO\GDPDJHGDQGLWZDVEURNHQRUEOHZXSLQD
PDFURVFRSLFZD\RQWKHWRSVXUIDFH7KHUHVXOWRIWKLVSKHQRPHQRQFDQEHVHHQLQ)LJ7KHMRLQWVZHUHFUHDWHGE\
DPPVSRWVL]HEXW WKHSHDNSXOVHSRZHUZDV:IRUPVDQG:IRUPV7KH ORQJHUSXOVHZDV
VXLWDEOHWRFUHDWHWKHMRLQWZLWKRXWDQ\GDPDJHRIWKHVXUIDFH7KHUHVXOWVRIVHWWLQJDUHWKRVHRIWKHVDPSOHZLWK
GDPDJHGVXUIDFH$OWKRXJKIURPWKHYLHZSRLQWRIWKHWRUTXHLWRQO\JLYHVDERXWORZHUYDOXHVEXWDHVWKHWLFDOO\LW
LVQRWDFFHSWDEOH,QFDVHRIVHWWLQJVDQGWKHORQJHUSXOVHZLWKWKHVDPH:DYHUDJHSRZHUZDVDSSOLHG

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
)LJ7KHHIIHFWRIODVHUSXOVHVKDSHRQWKHGHJUDGDWLRQRIWKH300$
)XUWKHUWKHPPVSRWVL]HFDXVHGJHQHUDOO\ORZHUPD[LPDOWRUTXHVWKDQWKHVHWWLQJZLWKPPVSRWVL]H
$QH[FHSWLRQZDVWKHWLPHVPLOOHGFRQFDYHJHRPHWU\ZKHUHWKHYDOXHVLQFUHDVHGE\6XPPDUL]LQJWKHHIIHFW
RIWKHPRGLILHGJHRPHWULHVWKHFKDQJHVDUHOHVVWKDQWKHLQHYHU\FDVHLIWKH300$SODWHLV[[PP
7KH UHDVRQ IRU WKLV FRXOGEH WKDW WKH VWUHQJWKRI WKHSODVWLF VKHHW LV OLPLWHGE\ WKLV [[PPJHRPHWU\7KLV
OLPLWDWLRQPLJKW EH GXH WR WKH IDFW WKDW WKH IDLOXUHPRGH LQ FDVH RI F\OLQGULFDO SLQ DIWHU WKH WRUVLRQ WHVWZDV WKH
VKHDULQJEHWZHHQ WKH VWHHOSLQ ODWHUDO DQG IDFH VXUIDFH DQG WKH LQQHU VXUIDFHRI WKHKROH LQ WKHSODVWLF VKHHW7KH
DGKHVLRQ DQGPLFUR VKDSH ORFNLQJZDV QRW HQRXJK WR FDXVH D FUDFNRU EUHDNDJH LQ WKH300$VKHHW ,Q FDVH RI
PRGLILHG VWHHO SLQ JHRPHWULHV WKH IDLOXUHPRGH ZDV WKH EUHDNDJH ZKHQ WKH SRO\PHU VKHHW ZDV EURNHQ LQWR WZR
SLHFHV7KHIDLOXUHPRGHRIWKHSODVWLFFDQEHVHHQLQ)LJLQFDVHRIQRQF\OLQGULFDOSLQJHRPHWULHV
 
)LJ7KHW\SLFDOIDLOXUHPRGHRI300$LQFDVHRIQRQF\OLQGULFDOSLQJHRPHWULHVLQFDVHRI[[DQG[[PP300$
7KLVSKHQRPHQRQVKRZVWKDWWKHVWUHQJWKRIWKHSODVWLFSDUWLVWKHGRPLQDQWOLPLWRIWKHPD[LPDOWRUTXHYDOXH
7KHUHIRUHZHLQFUHDVHGWKHVL]HRIWKH300$VKHHWWR[[PPLQRUGHUWRJHWDKLJKHUPD[LPDOWRUTXH2XU
K\SRWKHVLVSURYHGWREHYDOLGEHFDXVHDV LWFDQEHVHHQLQFDVHRIVHWWLQJZKHUHWKHVHWWLQJSDUDPHWHUVZHUH
UHSHDWHGWKHPD[LPDOWRUTXHZDVLQFUHDVHGE\DVFRPSDUHGZLWKWKHVPDOOHUSODVWLFVKHHW:HVXSSRVHWKDW
WKHVL]HRIWKHSODVWLFVKHHWKDVDQHIIHFWRQWKHPD[LPDOWRUTXHZKHQWKHIDLOXUHPRGHLVEUHDNDJHEHFDXVHLQWKHVH
FDVHVWKHVWUHQJWKRIWKHSODVWLFVKHHWEHFRPHVGRPLQDQW7KHVWUHQJWKRI300$VKHHWFDQEHLQFUHDVHGE\KLJKHU
VKHHW WKLFNQHVV RU JUHDWHU ZLGWK ,Q FDVH RI F\OLQGULFDO JHRPHWU\ WKLV FRXOG KDYH D VPDOOHU HIIHFW ,Q IXUWKHU
LQYHVWLJDWLRQVWKHHIIHFWVRIWKHSODVWLFVKHHWVL]HKDYHWREHFRQVLGHUHG
&RQFOXVLRQV
)URPWKHUHVXOWVRIWKLVUHVHDUFKUHJDUGLQJWKHWRUVLRQFKDUDFWHULVWLFVRIWKHSLQWRSODWH/$03MRLQWVLWFDQEH
FRQFOXGHGWKDW
x /RQJHUKHDWLQJWLPHVOHDGWRKLJKHUSHQHWUDWLRQVDQGWKHGHHSHUSHQHWUDWLRQVFDXVHKLJKHUPD[LPDOWRUTXH
YDOXHV
x :LWKWKHVKDSHRIWKHVWHHOSLQWKHPD[LPDOWRUTXHFDQEHLQFUHDVHGE\DERXWEXWWKHYDOXHVUHDOO\
GHSHQGRQWKHVWUHQJWKRIWKHSODVWLFVKHHW7KLVFRXOGEHDFRQVHTXHQFHRIWKHVL]HRIWKHSODVWLFVDPSOH
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x $VPDOOHUODVHUVSRWGLDPHWHUHQWDLOVVKRUWHUKHDWLQJWLPHVEXWLWFRXOGGHFUHDVHWKHPD[LPDOWRUTXHDQGFRXOG
FDXVHGDPDJHRQWKHSODVWLFVXUIDFHWRR7KHSURFHVVFRXOGEHVSHGXSEXWWKHWRUVLRQUHVLVWDQFHZRXOGEHFRPH
ORZHU
x 7KHVXFFHVVRIMRLQWFUHDWLRQFRXOGEHLQIOXHQFHGE\WKHULJKWODVHUSXOVHVKDSHDWWKHVDPHDYHUDJHSRZHUSXOVH
HQHUJ\DQGVSRWVL]HDVZHOO,IWKHVSRWVL]HLQGXFHVWKHSHDNSXOVHSRZHUGHQVLW\WRUHDFKWKHFULWLFDOUHJLRQ
ZKHUHWKHWUDQVSDUHQF\RIWKHSODVWLFPDWHULDOGHFUHDVHVGUDVWLFDOO\DORZHUSHDNSXOVHSRZHUDQGORQJHUSXOVH
GXUDWLRQPD\EHXVHGWRFUHDWHWKHMRLQWZLWKRXWDQ\GDPDJH
$FNQRZOHGJHPHQWV
7KH DXWKRUVZDQW WR H[SUHVV WKHLU WKDQNV IRU WKH ILQDQFLDO VXSSRUW WR WKH+XQJDULDQ 6FLHQWLILF5HVHDUFK )XQG
27.$JUDQW1R.
5HIHUHQFHV
6HLML.DWD\DPD<RXVXNH.DZDKLWR/DVHUGLUHFWMRLQLQJRIPHWDODQGSODVWLF6FULSWD0DWHULDOLD9ROSS±
$QGUHDV5RHVQHU6YHQ6FKHLN$OH[DQGHU2ORZLQVN\$UQROG*LOOQHU8ZH5HLVJHQ0DUNXV6FKOHVHU/DVHU$VVLVWHG-RLQLQJRI3ODVWLF0HWDO
+\EULGV3K\VLFV3URFHGLD9ROSS±
6XOWDQD7*HRUJLHY*/%DLUG5-$XQHU*:1HZD]*3DWZD5+HUIXUWK+-6WXG\RIWZRGLIIHUHQWWKLQILOPFRDWLQJPHWKRGVLQ
WUDQVPLVVLRQODVHUPLFURMRLQLQJRIWKLQ7LILOPFRDWHGJODVVDQGSRO\LPLGHIRUELRPHGLFDODSSOLFDWLRQV-RXUQDORIWKH0HFKDQLFDO%HKDYLRU
RI%LRPHGLFDO0DWHULDOV9ROSS
7DPiV0DUNRYLWV$QGRU%DXHUQKXEHU0iUWRQ*pF]\,QYHVWLJDWLQJWKHVKDSHORFNLQJSKHQRPHQRQLQFDVHRI/$03MRLQLQJWHFKQRORJ\
3K\VLFV3URFHGLD9ROSS,661
7DPiV0DUNRYLWV$QGRU%DXHUQKXEHU&RPSDULQJDGKHVLYHERQGLQJDQG/$03MRLQLQJWHFKQRORJ\LQFDVHRIK\EULGPDWHULDOFRPELQDWLRQ
3K\VLFV3URFHGLD9ROSS,661
7DPiV0DUNRYLWV$QGRU%DXHUQKXEHU3DWULN0LNXOD6WXG\RQWKHWUDQVSDUHQF\RISRO\PHUPDWHULDOVLQFDVHRI1G<$*ODVHUUDGLDWLRQ
3HULRGLFD3RO\WHFKQLFD7UDQVSRUWDWLRQ(QJLQHHULQJ9ROSS,661
$QGRU%DXHUQKXEHU7DPiV0DUNRYLWV/iV]Oy7ULIDQGÈJQHV&VDQiG\$GKHVLRQRIVWHHODQG300$E\PHDQVRIODVHUUDGLDWLRQ0DWHULDOV
6FLHQFH)RUXPLQSUHVV
